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Abstract 
It is well known that the density varies through the thickness of oriented 
strandboard, with the face being much denser than the core. Hence, the modulus of 
elasticity and the strength should vary through the thickness. To determine the 
variation in these properties through the thickness of the panel, a commercial oriented 
strandboard panel was sliced into fifteen layers to obtain specimens for tension and 
compression testing. Using multiple saw blades and spacers mounted on an arbor in a 
milling machine, thin specimens were obtained both perpendicular and parallel to 
panel length. The specimens were tested in tension using straight-sided specimens and 
non-bonded tabs. The compression specimens were tested using an apparatus 
developed to prevent buckling. 
For specimens cut parallel to the panel length, the face layers had moduli of 
elasticity and strengths approximately an order of magnitude greater than the core. 
For specimens cut perpendicular to the panel length, the modulus of elasticity and 
strength were relatively uniform through the thickness of the panel. This was due to a 
combination of density changes and strand orientation. The denser faces, with the 
strands oriented perpendicular to the applied load in testing, had approximately the 
same strength as the less dense core, where the strands were aligned with the applied 
load. 
These layer properties were related to the vertical density profile with evidence 
of a strong linear relationship. The layer properties were also employed to predict 
panel properties and compared to the strength and stiffness values obtained from full 
IV 
thickness bending tests. This study has successfully established a method to relate the 
vertical density profile to panel properties. 
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1.1 Oriented Strandboard 
Chapter 1 
Introduction 
Oriented strandboard (OSB) was developed as an improvement over 
waferboard and an alternative to plywood. Waferboard, which was first produced in 
the mid-1950s, consisted of wood strands randomly aligned and pressed together to 
form a structural panel. In the late 1970s, OSB emerged with an oriented, or cross­
aligned, wood strand pattern. Although several pre-existing mills began producing 
OSB earlier, the first dedicated OSB mill opened in 1982 (Lowood 1997). The United 
States and Canada have led the way in OSB development and production, though there 
are currently OSB mills operating worldwide. The Structural Board Association 
reported that 250 million OSB panels were used in construction and industrial 
applications in 1994 in the U.S. and Canada alone. Due to OSB's wide acceptance 
and growing popularity in the structural market, the development of product standards 
and incorporation of oriented strandboard into model building codes was inevitable. 
OSB continues to meet or exceed the performance of plywood in similar applications. 
As with any structural material, there are ongoing tests and research to gain a better 
understanding of the material and allow for future development of the product. 
Oriented strandboard is a mat-formed structural panel composed of wood 
strands bonded with waterproof, heatproof resin through a heat and pressure process. 
The typical strand arrangement for OSB is to have the outside faces aligned parallel to 
the long direction of the panel with the core aligned in the perpendicular direction. 
Alternately, the core could have a random alignment like the original waferboard. The 
wood strands are typically 0.5-1.0 inch wide by 4.5-6.0 inch long by 0.023-0.027 inch 
thick (Lowood 1997). Smaller strands allow smaller diameter trees to be used, thus 
better utilizing the forest's natural resources. OSB, like other wood composites, has 
an edge over other structural materials, such as concrete and steel, because it is created 
from a completely renewable resource. Softwoods are generally employed to produce 
OSB, with hardwoods used sparingly. The softwoods of choice are those which can 
be found in close proximity to the OSB mill. In the north central United States and 
Canada, eastern white pine and spruce are common selections. Southern yellow pine 
is used extensively in the southeastern U.S (Lowood 1997). 
Since its introduction into the structural market, oriented strandboard has been 
used extensively for roof, wall, and floor sheathing, quickly matching the popularity of 
plywood. OSB has been used for many structural and non-structural applications, 
such as hardwood flooring core, concrete forms, 1-joist webs, stress skin panels, 
furniture frames and panel cores, subfloors, and exterior siding. OSB has 
demonstrated strong performance as shear walls and diaphragms to brace buildings 
against wind and seismic loading. Oriented strandboard offers a fire performance 
comparable to that of plywood. 
A typical OSB panel is 4ft by 8ft with thickness ranging from 114 inch to 1 
112 inch. The most common board thicknesses are 3/8 inch, 7/16 inch, 15/32 inch, 
19/32 inch, 23/32 inch, 7/8 inch, and 1 1/8 inch. The span rating and grading is printed 
on each OSB panel. Span ratings indicate the maximum allowable span for a particular 
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purpose, and the grading tells if the panel is suitable for interior or exterior use. The 
traditional 4 ft by 8 ft panel can also be modified to accommodate special shapes and 
sizes required for construction. In addition to being a versatile, proven structural 
material, OSB can be "custom-designed" for a particular end-use since it is an 
engineered wood composite product. 
Several steps are involved in the process of manufacturing oriented 
strandboard. First, the trees are debarked and sent through a strander to obtain strands 
of the desired geometry. The wood strands are then dried and sorted for strategic 
placement in the mat. Next, the strands must be coated with a resin and wax. This is 
done with a spinning disc applicator to ensure an equal distribution to the strands. The 
strands are formed into thick, loose mats, such that the outer faces are aligned in one 
direction with the core aligned in the opposing direction. These mats are then placed 
in a special press and subjected to intense heat and pressure in order to compress the 
mat and cure the resin. Finally, the "master panel" is cut to size and any finishing 
touches are made, such as sanding and tongue and groove edges (Lowood 1997). 
1.2 Panel Properties 
Oriented strandboard is designed for both strength and stiffness. These 
properties are influenced by the panel's vertical density distribution (VDD), or the 
change in density through the thickness of the panel. The VDD for OSB is generally 
symmetrical about the neutral axis, though not uniform. Due to several manufacturing 
parameters, the outer faces are considerably denser than the core. A typical VDD is 
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properties, however the denser outside faces cause more thickness swell in the 
product. Hence, there must be a balance between these two factors. Since OSB 
producers do have a limited ability to control the VDD during the manufacturing 
process, the balance can be achieved. For instance, Winistorfer et al (1996) note that a 
high furnish moisture content with a fast press closure rate will produce a VDD with 
greater differences between face and core density than would a low furnish moisture 
content and slow press closure. 
1.3 Previous Related Work 
Xu and Winistorfer (1995) have conducted extensive research examining layer 
properties of OS B. They first introduced a layer-removal technique to section OSB 
through its thickness for the purpose of measuring layer properties. Layers 
approximately 0.063 inch thick were removed utilizing a handsaw and fence, paying 
close attention to the set-up and alignment of the fence. The researchers were able to 
achieve uniform thickness and smooth layers using this technique. The thin layer 
specimens were tested for thickness swell (TS) and internal bond (IB). TS profiles 
resembled the VDD, thus suggesting that focus should be placed on stabilizing the 
face layers of the panel to reduce thickness swell. Internal bond tests showed that the 
lowest IB did not always occur in the low density core layer, and the highest IB did 
not necessarily occur in the high density face layers. Xu and Winistorfer 
recommended using their technique for other studies. The researchers also conducted 
tests to determine the water absorption (W A) distribution through the panel thickness. 
They first examined a full thickness specimen by measuring the VDD before and after 
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water soak to obtain the WA distribution. This distribution was then related to the 
VDD and the layer TS from their previous work (Xu et al 1996). Continuing their 
investigations, Xu and Winistorfer (1996) employed their layer-removal technique to 
remove specimens for water absorption tests. These tests revealed that W A is 
positively correlated to layer density (VDD) and to layer thickness swell. The results, 
in keeping with their previous studies, reinforce the idea of stabilizing the face layers 
of OSB in order to improve overall panel stability. 
Andrews and Winistorfer (2000) studied the influence of the furnish moisture 
content and the press closure rate on the VDD. OSB panels were produced in the 
laboratory using three furnish moisture contents (3%, 6%, and 9%) and three press 
closure rates (20 sec, 40 sec, and 60 sec). For each panel, the VDD was measured 
using a commercial density profiler. The VDD was then subdivided into five zones to 
note the maximum and minimum density value within each zone: face, intermediate, 
core, intermediate, and face. They compared the changes in the VDD based on the 
pressing variables. Furnish moisture content had a strong influence on the density 
throughout the board and affected the density locations in the intermediate zones only. 
Press closure rate influenced the density in the face zones and affected the density 
locations in all zones except the core. It was clear that neither variable had an effect 
on the core density location. 
Andrews (1998) also found a negative correlation (r=-0.648) between the 
location of maximum density in the tension face layer and the modulus of elasticity 
(MOE) of an OSB panel. As the maximum density moved closer to the panel surface, 
the stiffuess of the panel increased. He emphasized that the location of maximum 
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density influenced the MOE more than the density value itsel£ Andrews noted the 
same is true for modulus of rupture although the correlation between location of 
maximum density in the tension face layer and the modulus of rupture (MOR) was 
lower (r=-0.329). Variables also affecting the modulus of rupture were the location of 
the minimum density in the core and compression intermediate zones, and the 
maximum density in the compression intermediate zone. 
The most recent work by Xu has turned from hands-on, lab research to 
theoretical models. Xu and Suchsland (1998) first developed an analytical model 
using Monte Carlo simulation to predict the MOE of wood composites having a 
uniform VDD. Their model related the MOE development to strand size, board 
density, compaction ratio, wood species, and strand orientation. Xu presented several 
conclusions, noting that MOE increases linearly with the increase of board density and 
compaction ratio. This simulation was then followed by a theoretical consideration of 
the influence of VDD on bending MOE of wood composites. Xu and Winistorfer 
(1996) had previously flt an equation to the vertical density profile using Fourier 
analysis. Using this equation and laminate theory, Xu (1999) related the VDD to 
panel MOE. Xu concluded that the inner portion of a board contributes very little to 
overall MOE, whereas the outer portion (face layers) controls MOE. Xu intends to 
continue his investigations by examining the influence of orientation level, face/core 
ratio, and use of various wood species in a three-layer board on MOE. 
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1.4 Objectives of Research 
Previous studies have shown that panel properties are affected by the VDD. 
This research will attempt to relate the VDD to layer properties through the cross­
section of an OSB panel. This objective will be accomplished by slicing the panel into 
layers and conducting tests on thin specimens to obtain strength and stiffness values. 
These layer properties will also be related to the panel properties, MOE and MOR. 
Finally, the VDD of OSB will be related to panel properties of particular interest to 
engineers, such as strength and MOE. If one can predict panel properties from a VDD 
and the effects of production parameters on the VDD, the VDD could be altered 
during production to achieve a panel of particular performance standards. This would 




Materials and Methods 
In order to collect the appropriate data for this study, specimens were required 
to test in bending, tension, compression, and internal bond and to measure the density 
profile. All specimens were cut from one 4 ft by 8 ft, 23/32 inch commercial OSB 
panel according to the cutting diagrams shown in Figures 2.1 and 2.2. An equal 
number of specimens were cut parallel and perpendicular to the face flake orientation. 
Three tension and three compression specimens were obtained to match up with one 
bending specimen because only five thin specimens could be obtained from each full 
thickness tension and compression piece. The cutting blades produced a sawkerf 
approximately 0.094 inch while the specimens measured between 0.046 inch and 
0.050 inch thick. When the fifteen thin specimens are arranged according to their 
position in the thickness of the board, they should accurately reflect the 23/32 inch full 
thickness board. 
Bending specimens were 3 inch by 19 1/4 inch as specified in ASTM D1037 
(ASTM 1996). Two-by-two inch specimens were then cut from the bending 
specimens to measure the density profile and run IB tests. Tension and compression 
specimens were cut to a 1 1/2 inch width to provide the gripping edge needed for layer 
removal; however, the final tension and compression specimens were 1 inch by 8 inch 
and 1 inch by 4 inch, respectively. These specimen sizes were chosen for 
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Figure 2.2 Detailed Specimen Cuts for Each Sample Set 
II 
compatibility with available testing equipment, while ensuring that an individual 
strand would not dominate the behavior of the specimen. Since OSB face layer 
strands are aligned opposite to the core layer, those specimens cut parallel to panel 
length produce three specimens parallel to face strand alignment followed by nine 
perpendicular and three parallel to face alignment. The opposite holds true for the 
specimens cut perpendicular to face strand alignment. These layer changes were 
confirmed by visual inspection after the thin specimens were obtained. 
2.2 Sample Preparation 
Xu and Winistorfer (1995) used a handsaw and fence to obtain a uniform 
thickness and smooth layers when cutting thin specimens for TS and IB tests. Their 
method was not a feasible alternative for this study due to the large number of samples 
required and the need for a reliable, reproducible cut. A cutter head was developed 
consisting of six Black & Decker, 7 1/4 inch diameter, 0.094 inch thick, 18 tooth 
carbide-tipped blades mounted on an arbor alternately with 4 3/4 inch diameter, 0.080 
inch thick spacers. Because the blades were hollow ground, the 0.080 inch spacers 
produced the desired sample thickness of 0.047 inch. The two outer shims were 
thicker than 0.080 inch to provide stability for the outer blades. The cutter head is 
shown in Figure 2.3. The arbor was mounted in a milling machine, which was 
operated at 2000 rpm. The specimens were held in a vice attached to the milling 
machine table. The machine was set to cut to a depth of 1 inch and to feed the samples 
into the cutter head at a rate of 1.75 feet per minute. As mentioned before, only five 
specimens could be obtained from each full thickness tension and compression piece. 
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Figure 2.3 Cutter Head (Arbor mounted with blades and spacers) 
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Layers 1, 4, 7, 10, 13 were obtained from the first piece while Layers 2, 5, 8, 11, 14 
and Layers 3, 6, 9, 12, 15 were obtained from the second and third pieces, 
respectively. This was accomplished by cutting all of the first pieces, then offsetting 
the blades 0.047 inch into the sample and cutting all of the second pieces. The third 
pieces were cut in a similar fashion, thus obtaining samples representative of a full 
thickness board. Clarification of the offset specimens is shown in Figure 2.4. After 
all tension and compression pieces were cut through the thickness, a band saw was 
used to trim off most of the lh inch gripping edge. An end mill was used for the fmal 
trimming to separate the thin specimens. In order to prevent damage to the specimens 
during this process, plastic spacers were inserted in the sawkerfs (Figure 2.5). This 
process successfully produced thin specimens of the desired quality and thickness. 
Many trials with other blades, cutting speeds, cutting depths (full depth versus two 
passes at half depth), and feed speeds failed prior to acceptance of the final cutting 
method. The first attempts used 0.031 inch thick blades with 0.031 inch spacers. A 
0.031 inch specimen thickness was desired to coincide with previous studies 
conducted by Xu and Winistorfer (1995). This original set-up produced non-uniform, 
fragile specimens because the blades flexed while cutting and OSB pieces wedged 
between the blades. In order to achieve blade stability and obtain a less delicate 
specimen, the original set-up was replaced by 0.094 inch thick jeweler's blades and 
0.050 inch spacers to yield 0.047 inch thick specimens. The jeweler's blades 
produced nice, uniform cuts, however a tremendous amount of heat developed from 
the blade and OSB friction. This problem could not be remedied despite changing the 
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Figure 2.5 Spacers Inserted Before End Mill Separated Thin Specimens 
16 
shop did solve the heat problem, however they were no longer able to produce a 
uniform cut due to the excessive wandering of the two outer blades. Two conclusions 
were reached: a stiffer blade was needed to prevent wandering, and a hollow ground 
blade was required to provide clearance for ejecting sawdust, thereby eliminating heat. 
2.3 Tension Testing 
ASTM D 3500 (ASTM 1990) provides guidance for tension testing of small 
specimens provided they are tested in full thickness. It requires using necked-down, 
or dog-boned, specimens to prevent failure within the grips. This type of specimen 
was not used due to the difficulty of making these specimens and the large number of 
specimens required. The Standard Test Method for Polymer Matrix Composite 
provides more insight on how to deal with specimens that are very thin, as in this 
study. Tension specimens for this research have a uniform rectangular cross-section 
as recommended in ASTM D 3039 (ASTM 1995). These tests were conducted using 
self-aligning, non-bonded tabs connected to a commercial testing machine and 
computer as shown in Figure 2 .6. The specimens were tested under deflection control 
at a rate of 0.020 inches per minute. Wood tabs with sandpaper adhered to them were 
glued directly on the grips of the testing device. This type of non-bonded tab was 
successful for most specimens, though bonded wood tabs were applied to the few 
specimens that slipped using non-bonded tabs. 
To ensure correct strain data acquisition, it was necessary to measure deflection 
directly on the specimen rather than relying on data recorded as machine cross head 
deflection. Therefore, strain was measured using an extensometer attached to the 
17 
Figure 2.6 Tension Test Set-up 
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specimen. The extensometer consisted of two linear variable displacement transducers 
(LVDTs), one on either side of the specimen to correct for bending. An average 
deflection was taken for use in data analysis. 
2.4 Compression Testing 
Published test methods state that compression specimens should be supported 
laterally in order to prevent buckling (ASTM 1994). Unfortunately, the suggested 
compression testing apparatus utilizes spring steel to provide the lateral support. Due 
to the thin specimens of this study and make-up ofOSB, this apparatus was not 
feasible because the steel tines could pierce into the thin specimens or through any 
voids, which are not uncommon in the core specimens. Hence, a compression testing 
apparatus was designed to provide lateral support, yet preserve the integrity of the 
specimen. A sketch of the device is shown in Figure 2. 7, with a photo in Figure 2. 8. 
Lateral support is provided by two ultra high molecular weight (UHMW) plastic 
blocks. Like tension testing, the compression specimens were tested under deflection 
control at a rate of 0.020 inches per minute. 
Before acceptance of this apparatus for testing, it was necessary to ensure most of 
the load was being transferred through the specimen to the base and not through side 
friction. Load transfer was investigated by attaching strain gages to top and bottom 
aluminum plugs, testing several compression specimens, and comparing top and 
bottom strain values. Approximately 75 percent of the load was transferred through 
the specimen; this loss was accepted as a reasonable value. The coefficient of friction 
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Figure 2.8 Compression Test Apparatus (photo) 
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plate friction test and confirmed by product data obtained from a UHMW 
manufacturer. 
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3.1 Panel Properties 
Chapter 3 
Results 
In order to relate layer properties to panel properties, it was necessary to 
perform tests on full thickness specimens to define the panel properties. One hundred 
eighty-three specimens were tested to determine internal bond and produced an 
average IB of 69.4 psi with the coefficient of variation (COV) equal to 0. 31. 
Approximately ninety percent of the specimens experienced failure in the core. Only 
ten percent of the specimens failed in the top or bottom face layers. 
A total of twenty-eight specimens, fourteen cut perpendicular to the length of 
the panel and fourteen cut parallel, were tested in bending in accordance with ASTM 
D 1037 (ASTM 1996). The average moisture content of these specimens was 6.6 
percent. The modulus of elasticity and the modulus of rupture are listed in Table 3.1 
for perpendicular cut specimens and Table 3.2 for parallel cut specimens. The mean 
MOE and MOR for perpendicular cut specimens were 5 05 ksi and 35 20 psi with 
COVs of 0.07 and 0. 10, respectively. Because the panel is stronger when tested 
parallel to face strand orientation, the MOE and MOR for parallel cut specimens were 
significantly higher: 934 ksi and 5 230 psi. The COVs were 0.08 and 0.18, 
respectively, similar to those of the perpendicular data. 
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Table 3.1 Bending Data for Specimens Cut Perpendicular to Panel Length 
Sample MOR MOE 
(psi) (psi) 
A 3828 5.19E+05 
B 3253 5.24E+05 
c 3752 4.96E+05 
D 3356 4.97E+05 
E 3932 5.44E+05 
F 3425 4.82E+05 
G 3128 4.85E+05 
H 3673 5.31E+05 
I 4179 5.58E+05 
J 2929 4.20E+05 
K 3426 4.76E+05 
L 3678 5.20E+05 
M 3559 5.44E+05 
N 3109 4.78E+05 
Mean 3516 5.05E+05 
StdDev 350 3.63E+04 
cov 0.10 0.07 
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Table 3.2 Bending Data for Specimens Cut Parallel to Panel Length 
Sample MOR MOE 
(psi) (psi) 
p 5773 9.74E+05 
Q 5326 9.07E+05 
R 5135 8.14E+05 
s 3536 9.70E+05 
T 6337 1.01E+06 
u 6275 1.03E+06 
w 4731 8.54E+05 
X 5917 9.72E+05 
y 4140 8.18E+05 
z 6288 9.75E+05 
AA 5101 9.64E+05 
BB 4462 8.51E+05 
cc 4053 9.65E+05 
DD 6133 9.85E+05 
Mean 5229 9.34E+05 
StdDev 934 7.14E+04 
cov 0.18 0.08 
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3.2 Density Profile 
Vertical density profiles were obtained for the same one hundred eighty-three, 
two-by-two inch specimens prior to use in IB tests. This was done using a connnercial 
density profiler, which employs an X-ray scanning system in conjunction with 
computer software to measure the density of the OSB at 0.002 inch increments 
through the thickness. The density profiles were measured in batches, then averaged 
for each specimen set to obtain the density at every 0.002 inch through the panel 
thickness. An average vertical density profile for the entire panel is shown in Figure 
3.1. Figure 3.2 shows a vertical density profile by layer. Each batch corresponded to 
samples obtained from one bending specimen, and thus one set of tension and 
compression specimens. The average density for each specimen set is shown in Table 
3.3. The overall panel density was 41.2 pcf with a COV of 0.03. 
The density data were used to determine an average density for each tension 
and compression specimen. First, the center point of each thin layer tension and 
compression specimen was calculated knowing that the first cut was inset 0.007 inch 
and each specimen should measure 0.047 inch thick (see Figure 2.4). The thickness of 
each layer specimen was calculated as the average of three measurements taken at 
quarter points of the specimen length. The start and end points for each layer were 
found by subtracting from the center point and adding to the center point half the 
known thickness. Some layers overlap slightly; this is due to the slight variation in the 
cutting process. Finally, density points ranging between the start and end points for 
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Std Dev 1.4 
cov 0.03 
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In order to reflect the variation of the density profile within the layer, a 
standard deviation of the density for each specimen was also determined. Values of 
the average density and the average standard deviation of the density for each layer are 
listed in Tables 3.4- 3.7. 
3.3 Tension Testing 
Four hundred twenty tension specimens were cut. While handling and loading 
samples in the testing machine, some samples broke, thereby reducing the number of 
tests. Tension tests were conducted on a total of 403 specimens: 206 cut 
perpendicular to face flake orientation and 197 cut parallel. The average moisture 
content of these samples was 7.3 percent. 
Tables 3.4 and 3.5 list the number of samples tested, average density, average 
standard deviation of the density, average MOE, and average strength by layer for 
perpendicular and parallel cut specimens. A typical stress-strain curve is shown in 
Figure 3.3. To calculate the MOE, a Visual Basic Macro program was written to find 
the slope of the stress-strain curve using a least squares regression. Some stress-strain 
curves had a small initial vertical portion before the extensometer began recording 
deformation. A minimum stress was chosen just above the vertical portion of the 
stress-strain curve. The beginning slope value was calculated starting with the 
minimum stress and the minimum stress plus 30 percent of the failure stress. The 
minimum stress was incrementally increased by 2 percent of the strength and a 
regression calculated the slope of the next 30 percent of the curve. Once the upper 
stress reached the maximum stress, the incremental process stopped. The maximum 
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Table 3.4 Data for Perpendicular to Panel Length Tension Specimens 
#Specimens Density (pcf) Strength (psi) MOE (psi) 
Layer Tested Mean StdDev Mean cov Mean cov 
1 14 52.5 2.50 616 0.37 3.79E+05 0.36 
2 13 49.1 1.71 522 0.47 2.85E+05 0.34 
3 13 44.7 1.63 384 0.41 2.38E+05 0.33 
4 14 40.3 1.28 616 0.61 5.09E+05 0.62 
5 13 37.4 0.69 699 0.41 5.32E+05 0.36 
6 14 36.1 0.37 576 0.33 4.50E+05 0.31 
7 14 35.2 0.32 495 0.34 3.82E+05 0.32 
8 14 34.7 0.33 446 0.27 3.77E+05 0.36 
9 14 34.8 0.29 594 0.42 4.23E+05 0.29 
10 14 35.5 0.46 546 0.22 5.33E+05 0.34 
11 14 36.9 0.64 672 0.33 4.65E+05 0.37 
12 14 39.1 0.85 615 0.59 4.64E+05 0.43 
13 13 42.5 1.45 484 0.39 2.50E+05 0.31 
14 14 46.7 1.58 466 0.26 2.49E+05 0.29 
15 14 50.2 1.16 634 0.41 3.33E+05 0.25 
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Table 3.5 Data for Parallel to Panel Length Tension Specimens 
#Specimens Density (pcf) Strength (psi) MOE (psi) 
Layer Tested Mean Std Dev Mean cov Mean cov 
1 14 53.6 3.14 2185 0.36 1.08E+06 0.26 
2 14 49.5 2.04 1640 0.33 7.87E+05 0.19 
3 14 44.3 1.73 730 0.61 4.29E+05 0.44 
4 14 39.9 1.17 288 0.37 1.42E+05 0.53 
5 12 37.4 0.58 227 0.22 1.10E+05 0.45 
6 12 36.3 0.38 166 0.25 9.56E+04 0.25 
7 14 35.6 0.30 163 0.32 1.27E+05 0.46 
8 11 35.1 0.28 187 0.27 1.04E+05 0.38 
9 14 35.1 0.31 147 0.24 1.16E+05 0.64 
10 11 35.6 0.43 164 0.35 1.56E+05 1.22 
11 11 36.7 0.54 259 0.49 1.76E+05 0.37 
12 14 39.1 0.98 347 0.49 2.86E+05 0.45 
13 14 42.7 1.42 807 0.45 5.77E+05 0.46 
14 14 47.0 2.01 1568 0.42 8.43E+05 0.18 
15 14 51.6 1.69 1992 0.54 9.17E+05 0.30 
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Table 3.6 Data for Perpendicular to Panel Length Compression Specimens 
#Specimens Density (pet) Strength (psi) MOE (psi) 
Layer Tested Mean StdDev Mean cov Mean cov 
1 14 52.4 2.25 860 0.46 1.98E+05 0.37 
2 14 49.0 1.61 1013 0.32 1.53E+05 0.22 
3 14 44.7 1.57 893 0.36 1.44E+05 0.38 
4 14 40.2 1.17 1129 0.43 2.29E+05 0.43 
5 14 37.4 0.66 1106 0.33 2.27E+05 0.24 
6 14 36.0 0.36 895 0.38 2.08E+05 0.34 
7 14 35.2 0.32 849 0.36 1.83E+05 0.30 
8 14 34.7 0.33 764 0.36 1.93E+05 0.30 
9 14 34.8 0.29 906 0.40 2.08E+05 0.26 
1 0  14 35.4 0.47 1127 0.41 2.48E+05 0.41 
11  14 36.9 0.62 983 0.32 2.20E+05 0.27 
1 2  14 39.1 0.84 837 0.40 1.65E+05 0.38 
13 13 42.5 1.49 923 0.50 1.40E+05 0.38 
14 14 46.7 1.52 922 0.29 1.53E+05 0.24 
15 14 50.3 1.09 1024 0.50 1.64E+05 0.39 
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Table 3.7 Data for Parallel to Panel Length Compression Specimens 
#Specimens Density (pet) Strength (psi) MOE (psi) 
Layer Tested Mean StdDev Mean cov Mean cov 
1 13 53.8 1.89 2606 0.33 5.12E+05 0.25 
2 13 49.3 1.92 1835 0.30 3.79E+05 0.31 
3 13 44.2 1.61 1128 0.38 2.05E+05 0.36 
4 13 39.7 1.09 486 0.35 7.29E+04 0.38 
5 13 37.4 0.56 429 0.39 5.58E+04 0.28 
6 13 36.3 0.36 345 0.35 4.90E+04 0.19 
7 12 35.6 0.30 365 0.38 5.13E+04 0.27 
8 13 35.0 0.28 334 0.66 4.84E+04 0.38 
9 13 35.0 0.30 367 0.37 5 .13E+04 0.31 
10 13 35.6 0.42 331 0.26 4.34E+04 0.19 
11 13 36.7 0.54 589 0.58 8.37E+04 0.54 
12 13 39.0 0.96 753 0.48 1.32E+05 0.55 
13 13 42.6 1.37 1609 0.26 2.99E+05 0.30 
14 13 46.9 1.93 1877 0.31 3.69E+05 0.22 
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slope calculated during the step-wise regression was taken as the MOE. Thus, the 
reported MOE is the least squares fit over the steepest 30 percent of the 
stress-strain curve. Values of r2 for the linear regression were typically greater than 
0.9. 
While most samples did fail within the extensometer, approximately 25 percent 
of the specimens failed between the extensometer and the grips. Another 13 percent 
failed within the grips. Figures 3.4-3.5 and Figures 3.6-3.7 show typical failures 
through the thickness for perpendicular and parallel to panel length specimens, 
respectively. In specimens with perpendicular strand orientation (L 1, L 15, and BB6), 
failure occurs along the strands, whereas specimens with parallel strand orientation 
(L5, L9, BB3, BB14 and BB15) experience failure within the strands. 
3.4 Compression Testing 
Fewer compression specimens were lost due to handling; however several data 
files were incomplete because of computer problems. Compression tests were 
conducted on a total of 403 specimens: 209 cut perpendicular to face strand 
orientation and 194 cut parallel. The average moisture content of these samples was 
6. 7 percent. Tables 3.6 and 3. 7 list the number of samples tested, average density, 
average standard deviation of the density, average MOE, and average strength by layer 
for perpendicular and parallel cut specimens. To calculate the MOE, the stress-strain 
curve was analyzed in the same manner as mentioned previously. The strength is the 
maximum axial stress taken by the specimen. A typical stress-strain curve for a 
compression test is shown in Figure 3.8. 
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Figure 3.4 Failure Photo of Specimens Cut Perpendicular to Panel Length (Top), 
Specimens L l ,  L5, L9, and L15 
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L§ L, 
Figure 3.5 Failure Photo of Specimens Cut Perpendicular to Panel Length (Bottom), 
Specimens L l ,  L5, L9, and L 1 5  
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Figure 3.6 Failure Photo of Specimens Cut Parallel to Panel Length (Top), 
Specimens BB3, BB6, BB 14, and BB 15 
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Some of the compression samples became wedged in between the UHMW 
blocks after failure. However, the maximum load taken by the specimen before 
wedging was noted, and the MOE was calculated using the appropriate data 
Typically, failure occurred in the compression specimens as a result of strands sliding 




4.1 Relating Density to Layer Properties 
In order to relate the vertical density profile to the layer MOE and strength, 
layers were grouped by compression and tension, and for perpendicular and parallel 
strand orientation, resulting in eight relationships. Because the OSB panel was cross­
aligned in the core, data for perpendicular strand orientation relationships consisted of 
layers 1-3 and 13-15 from perpendicular to panel length specimens and layers 4-12 
from parallel to panel length specimens. Likewise, parallel strand orientation 
relationships included layers 1-3 and 13-15 from parallel to length specimens and 
layers 4-12 from perpendicular to panel length specimens. This grouping ensured that 
perpendicular strand orientation layers and parallel strand orientation layers were not 
mixed. The average values of MOE, strength, and density were obtained from 
collected data. The MOE and strength values were plotted versus density and a linear 
regression was obtained with a corresponding r2 value. The eight graphs with 
regression equations, summary graphs for MOE and strength, and a summary table are 
shown in Figures 4.1 - 4.8, Figures 4.9 - 4.10, and Table 4.1, respectively. 
Xu (1999) presented two theoretical equations relating MOE to density for 
aspen and oak. These equations are included in Table 4.1 for comparison purposes. 
Although this study used a panel composed of southern yellow pine, the slope values 
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Figure 4.2 Tension Specimens with Parallel Strand Orientation - MOE vs. Density 
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Figure 4. 4 Compression Specimens with Parallel Strand Orientation - MOE vs. Density 
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Figure 4.5 Tension Specimens with Perpendicular Strand Orientation - Strength vs. Density 
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Table 4. 1 Summary ofRegression Equations 
MOE vs. Density R
z 
Strength vs. Density 
Tension 
Perpendicular MOE = 1 3 500(DEN)- 3 5 1 600 0.804 STR = 27. 1 4(DEN) - 778 
Parallel MOE = 30220(DEN) - 662200 0.824 STR = 84.84(DEN) - 2554 
Compression 
Perpendicular MOE = 8220(DEN)- 234900 0.880 STR = 40.39(DEN) - 1 0 1 6  
Parallel MOE = 1 3230(DEN) - 278200 0.777 STR = 75. 1 2(DEN)- 1 798 
Xu (1999) 
Aspen MOE = 1 4080(DEN) - 2972 
Oak MOE = 1 2950(DEN) - 957 
---






The regression equations obtained show that the MOE values for the 
compression samples are approximately half of those for tension samples. The tensile 
strength is less than the compressive strength for perpendicular specimens, though the 
opposite holds true for parallel specimens. The r2 values are high values (reasonably 
close to 1 ), thus the data have a positive linear relationship with the high density 
values producing the higher property values. 
4.2 Relating Layer Properties to Panel Properties 
Relating layer properties to panel properties proved to be more challenging. 
Although in theory the panel was symmetrical through its thickness, it is apparent 
from the vertical density profile (see Figure 3 . 1 )  that the top face layers are denser 
than the bottom face layers. Choice of the top face was arbitrary, yet consistent 
throughout the study. For this OSB panel, the neutral axis lies closer to layer 8 for 
perpendicular specimens than for parallel specimens. Furthermore, the layer 
properties are not symmetrical about the centerline of the thickness. Properties for 
layer 1 do not equal layer 1 5  properties, layer 2 properties are different from layer 1 4  
properties, etc. This asymmetry led to four cases being investigated: perpendicular to 
panel length specimens with compression in the top and with tension in the top, and 
parallel to panel length specimens with compression in the top and with tension in the 
top. Although the bending samples were tested only with compression in the top, all 
cases were considered in order to compare the results. 
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The neutral axis and moment of inertia were found using fundamental 
engineering principles. To fmd the neutral axis (N.A.), measured from the top of the 
panel: 
n 
2: bi ti di 
N.A. = -=-i="""'"l __ n 
l: bi ti 
i=l 
where bi = E/E1 = width of layer i specimen transformed to layer 1 
ti = average thickness of layer i = t/n 
t = average thickness of panel 
di = distance from top of panel to centroid of layer i 
Ei = modulus of elasticity of layer i 
n = number of layers 
Note that transforming to layer 1 is arbitrary, and any value ofE could have been used 
to transform the section and calculate the neutral axis. 
Because the neutral axis was expected to lie in layer 8, E8 was taken as an 
average of compression and tension data for layer 8. For analysis of compression in 
the top, E1-E7 were compression values and E9-E15 were tension values. For analysis 
of tension in the top, tension values were used for the top layers and compression 
values were used for the bottom layers. After these values were used to determine the 
location of the neutral axis, a check was made to verify the actual location of the 
neutral axis. If the neutral axis did not coincide with layer 8, the layer containing the 
neutral axis became the layer with the average modulus of elasticity. Layers above 
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and below the neutral axis were altered to compression or tension moduli accordingly. 
After the correct neutral axis was obtained, the transformed moment of inertia (I) was 
calculated: 
I = .I �h bi tf + bi ti (N.A. - di)2 ) 
1=1 
Finally, the bending stiffuess ofthe panel is E11. Equating this bending stiffuess to the 
bending stiffuess of the full thickness panel, El8, where Ig = 1h b1 t3 , gives E 
predicted from layer properties as: 
This value was then compared to the modulus of elasticity determined from the 
bending tests. 
Table 4.2 lists predicted MOE from layer testing and MOE values as 
obtained from bending tests. The predicted MOE for perpendicular cut specimens 
with compression in the top was 6 1 %  of the MOE obtained from bending tests, 
whereas the MOE for parallel specimens was only 47% of the bending MOE. These 
two cases should best represent the bending tests, as they were conducted with 
compression in the top. The difference between the moduli obtained from layer 
properties and those obtained from bending tests could be attributed to the effective 
thickness of the specimen. As the thin specimens are removed from the full thickness 
panel, several of the wood strands become severed, with a portion going to each 
adjacent slice, leaving only partial strands to contribute to strength and stiffuess. If 




Table 4.2 Summary of Predicted Properties vs. Panel Bending Data 
Predicted Bending Tests % of Predicted 
MOE (psi) MOE (psi) Actual Strength (psi) 
Using Layer Properties 
Compression 
in the top 
Perpendicular 3 .08E+05 5 .03E+05 6 1 . 1  686 
Parallel 4.43E+05 9.34E+05 47.4 1 320 
Tension 
in the top 
Perpendicular 2.33E+05 5 .03E+05 1 46.3 461 
Parallel 4.28E+05 9.34E+05
1 
45.8 1 1 93 
Using Density & Equations 
Compression 
in the top 
Perpendicular 2.45E+05 5.03E+05 48.7 440 
Parallel 4.34E+05 9.34E+05 46.4 772 
1
Tested with compression in the top. 
Bending Tests % of 
MOR (psi) Actual 
I 
3504 1 9.6 
5229 25.2 
35041 1 3 .2 
52291 22. 8 
3504 1 2.6 
5229 14.8 
effective thickness of the slice. Ideally, if the strands lay perfectly flat through the 
thickness of the board, approximately 50% of the thickness would be effective since 
the average strand thickness is 0.025 inch and the average thin specimen thickness is 
0.049 inch. This is one possible explanation for the predicted MOE being only 40 -
60 % ofthe bending MOE. 
In order to predict bending strength from layer properties, it was necessary to 
fmd the controlling layer for maximum moment capacity. For each slice, i = 1 to n: 
where Mi = moment capacity of layer i 
cri = failure stress of layer i 
Ci = distance from neutral axis to extreme fiber of layer i 
The layer corresponding to the smallest value ofMi becomes the controlling layer. 




where M = moment capacity of full thickness OSB panel 
c = distance from neutral axis to extreme fiber of OSB panel = t/2 
Solving for M gives: 
M 
= fr ig 
c 
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Equating M to the controlling Mi results in a predicted modulus of rupture, or strength: 
where i corresponds to the controlling layer. This predicted value was then compared 
to the modulus of rupture determined from the bending tests. 
Predicted and test-obtained strength values are also shown in Table 4.2. 
Although these results do not compare as well as the MOE results, it should be noted 
that for each case, the outermost tension layer was the controlling layer. For tension in 
the top, layer 1 controlled whereas layer 15 controlled for compression in the top. 
This shows that the layers performed as expected with tension in the outermost fibers 
controlling. 
Two possible explanations are offered for the inaccurate prediction of strength 
values. Stiffuess is influenced more by average properties whereas strength is 
influenced more by individual strand or bond properties. The weakest part of the 
specimen would govern the strength. Also, bending in the specimens during testing 
would affect the strength values more than stiffness. Average strain was used for the 
stiffuess calculations, but strength would be affected by maximum strain, which would 
occur in the outer fibers if there was bending. Even though self-aligning grips were 
used in testing, there was still a small amount of bending present due to misalignment. 
The non-uniform density through the specimen would also cause slight bending. 
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4.3 Relating Density to Panel Properties 
Having found relationships between density and layer properties and between 
layer properties and panel properties, the next step was to relate density to panel 
properties using the developed relationships. To achieve this, the regression equations 
for MOE vs. density and strength vs. density (see Table 4. 1 )  were used to predict 
MOE and strength values at 0.002 inch intervals through the thickness of the panel. 
This was possible because density values were measured at each 0.002 inch using the 
commercial density pro filer. With the modulus of elasticity and strength values, panel 
properties were predicted in the same manner as previously developed (see section 
4.2). Because the bending tests were conducted with compression in the top, this 
analysis only considered compression in the top for specimens cut perpendicular and 
parallel to panel length. 
Results are shown in Table 4.2. The predicted MOE values were 
approximately 50 % of the bending MOE, thus promoting the effective thickness 
concept mentioned previously. The predicted MOE for specimens cut perpendicular 
to panel length was 48.7 % ofthe MOE obtained from bending tests; for parallel cut 
specimens, the predicted MOE was 46. 5 % of the bending MOE. Although these 
percentages differ slightly from those predicted directly from layer properties, the 
predicted values using density data are in close agreement with results using layer 
properties. In accordance with the previous analysis, the strength values did not 





This study has successfully completed the objectives outlined for research. 
Thin layers from an OSB panel were acquired and tested to obtain strength and 
stiffness values, with reasonable COV. These layer properties were related to the 
vertical density profile with high r2 values (>0.75), thus indicating a strong linear 
relationship exists. The layer properties were employed to predict panel properties 
and compared to the strength and stiffness values obtained from bending tests. 
Considering the effective thickness of a specimen, it was possible to predict the panel 
MOE reasonably well. Predicting the panel strength was more difficult and less 
accurate. 
In addition to meeting the proposed objectives, this research has established a 
method to relate the vertical density profile to panel properties and provided 
experimental data for one OSB panel. 
5.2 Future Study 
This was the first study to determine engineering properties of strength and 
stiffness through an OSB panel thickness. Although successful, various questions 
were raised throughout the study. It would be interesting to conduct this exact 
experiment on another OSB panel obtained from the same source and compare results; 
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this would reveal how reproducible, or not, the testing methods are. In an attempt to 
improve prediction of the panel strength from layer strength, different specimen 
thicknesses, though still relatively thin, could be tested. One might determine what 
range ofthin specimens provides a better representation of panel behavior. The 
effective thickness concept briefly introduced in this thesis could be further explored. 
The exact failure mechanism of an OSB panel in bending could be further examined to 
improve the relationship between layer properties and panel strength. 
The methodology of this study could be used to examine panels with different 
density profiles. The testing methods could be used in a parametric study, varying 
parameters and exploring the effects of different density profiles on the strength and 
stiffuess of the panel. Another application of this work relates to panel treatments. 
For example, Winistorfer and Xu's (2000) current research involves a treatment to 
reduce thickness swell in the face layers of OSB. The methods presented herein could 
be used to investigate how the treatment affects the strength and stiffness of an OSB 
panel. This thesis provides the basis for the rational engineering evaluation of OSB 
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